This paper describes some of the key features of the Persistent Scatterer Interferometry chain of the Geomatics (PSIG) Division of CTTC. The paper firstly provides an overview of the entire PSI chain. It then focuses on the first part of the chain, which provides the input data for the estimation of the Atmospheric Phase Screen (APS). In this part, the so-called Cousin Persistent Scatterers (CPSs) are sought, which are Persistent Scatterers (PSs) characterized by a moderate spatial phase variation that ensures a correct phase unwrapping. The main output of this part of the chain is a set of correctly unwrapped and temporally ordered phases, which are computed on CPSs that cover homogeneously the area of interest. In order to do so a procedure to check the consistency of phase unwrapping is used. The paper describes the used algorithms and illustrates their performances using a set of TerraSAR-X StripMap images over the metropolitan area of Barcelona.
INTRODUCTION
Several approaches to PSI techniques have been proposed in the last 15 years, e.g. see [1] [2] [3] [4] [5] [6] . This paper is focused on the PSIG processing chain. In particular, it is devoted to the selection of the so-called CPSs that allow obtaining a set of correctly unwrapped and temporally ordered phases that are then used to estimate the APS.
The selection of the CPSs is more restrictive than the one based on the classical two-parameter model (mean deformation velocity and Residual Topographic Error, RTE) used in PSI. However, the proposed procedure is computationally lighter than the one based on the twoparameter model. In addition, and more importantly, it includes tools to check the consistency of phase unwrapping.
THE PSIG CHAIN
This section provides an overview of the entire PSIG chain. Given a stack of N co-registered SAR images, the PSIG chain makes use of M wrapped interferograms, where the ratio M/N is typically more than 10. The processing chain includes three main parts [7] .
The first part provides the input data for the estimation of the APS. It includes three main steps: (i) the selection of the candidate CPSs. An iterative process is used to ensure an appropriate CPS coverage and density; (ii) a 2D phase unwrapping is performed on the candidate CPSs using the redundant set of M interferograms. An implementation of the Minimum Cost Flow method is used in this step [8] ; (iii) a phase unwrapping consistency check is then performed, which allows selecting the final set of CPSs. The main output of this part of the chain is a set of correctly unwrapped and temporally ordered phases, which are computed on the final set of CPSs. In the second part, the abovementioned phases are used to estimate the APS using spatio-temporal filters. Finally, in the third part, the deformation time series are computed on a dense set of CPSs.
The following sections describe two key steps of the first part of the PSIG chain: the candidate CPS selection and the phase unwrapping consistency chain.
CANDIDATE CPS SELECTION
A set of PSs with phases characterized by moderate spatial variations is sought in this step. Let's consider the differential interferometric phase difference between two pixels i and j:
where the 1 st term is the phase difference due to deformation, the 2 nd is the phase difference due to thermal expansion, the 3 rd is the phase difference due to the RTE, the 4 th is the phase difference due to the atmospheric component and the last term is the difference of the phase noise components. The procedure includes these steps: 1. At least one seed PS is chosen which is located on the ground, with no deformation, no thermal expansion and characterized by small noise.
2 it can cope with up to 10% of outliers. This operation is repeated for all the CPSs that fall within a given window, which is centered on the seed.
3. The above operation is repeated recursively, using a given candidate CPS as a new seed, until the area of interest is sufficiently covered by CPSs. Additional seeds might be required to cover isolated areas or to increase the CPS density in a given area.
A 2D phase unwrapping is performed on the final set of candidate CPSs using the redundant set of M interferograms.
PHASE UNWRAPPING CONSISTENCY CHECK
The previous step is used to obtain the unwrapped phases on a set of candidate CPSs. In this step, a further selection is performed, which allow obtaining the final set of selected CPSs. For this purpose, a phase unwrapping consistency check is performed using the following observation equation:
is the unwrapped interferometric phase, S  and M  are the unknown slave and master image phases.
The i th image phase contains a deformation component, a thermal expansion component, an atmospheric component, a RTE component and the phase noise. M equations with N-1 unknowns are written for each pixel: the phase of the first image is set to zero because the above equation has a datum defect: it is translation-invariant. The system of observation equations can be written as:
where b is the M-dimensional observation vector, A is the design matrix that expresses the set of scalar equations in matrix form and x is the N-1-dimensional vector of unknowns. A stochastic model is associated with the functional model, which is represented by weight matrix P. The LS solution is given by: 

It is worth noting that this condition is only valid for data at full resolution.
EXAMPLES USING A TERRASAR-X DATASET
In this section we illustrate the proposed procedure for CPS selection using a TerraSAR-X Stripmap dataset. This dataset consists of a stack of 28 TerraSAR-X Stripmap images that covers the city of Barcelona (Spain) and its neighborhoods for a total of 1019 km 2 . The dataset covers the period from December 2007 to November 2009. Fig. 1 shows the plot of P90 over a part of the Barcelona airport. P90 was computed with respect to a seed located on the ground (white circle in Fig. 1 ). In this area most of the scatterers are located on the ground, with no deformation and no thermal expansion. In addition, we expect a relatively small noise for all the runways (this is a property of X-band data). The orange and reddish pixels, with approximately P90 > 2.5 rad, correspond to buildings (in this case the RTE component is dominant) or grass (in this case the phase noise is dominant): both buildings and grass have to be discharged in the candidate CPS selection. One may notice that there is a limited number of pixels characterized by low P90 values (the P90 values below 0.8 rad are plotted in black in Fig. 1 ): most of them are located close to the seed. This is mainly due to the APS effects. For this reason, the choice of Thr has to consider the influence of the atmospheric effects. In the Barcelona TerraSAR-X dataset, the Thr was defined as a function of the distance from the seed with these values: 0.8 rad at a distance of 0 m, 1.1 rad at 100 m, 1.35 rad at 200 m and 1.52 rad at 300 m.
The above threshold was used to compute the candidate CPSs over the entire frame of the TerraSAR-X dataset. The selection was based on 9 seed PSs evenly distributed in the image frame. The candidate CPS selection was based on 27 interferograms, while the phase unwrapping consistency check was based on 375 interferograms. Fig. 2 shows the distribution of the candidate CPSs over an area of 1019 km 2 . 611 813 candidate CPSs were found. Fig. 3 shows a zoom of Fig. 2 . 87% of the candidate CPS satisfied the condition of the phase unwrapping consistency check, i.e. the final CPS set includes 532 277 points. These points were then used to estimate the APS. More than 5.4 million PSs were generated in the final densification, see for details [7] . 
CONCLUSIONS
In this paper some of the key features of the PSIG chain have been described. A brief overview of the entire chain has been provided. Most of the paper has focused on the first part of the chain, which provides the input for the APS estimation. In this part, the so-called Cousin Persistent Scatterers (CPSs) are used, which are PSs characterized by a moderate spatial phase variation that ensures a correct phase unwrapping. This part includes three main steps: (i) candidate CPS selection; (ii) 2D phase unwrapping on the candidate CPSs using the redundant set of M interferograms; (iii) phase unwrapping consistency check. The performances of the proposed algorithms have been illustrated using a set of 28 TerraSAR-X Stripmap images that cover the metropolitan area of Barcelona (Spain). The selection of the CPSs is more restrictive than the one based on the classical two-parameter model (deformation velocity and RTE) used in PSI. However, the proposed procedure is computationally lighter than the one based on the two-parameter model. In addition, and more importantly, it includes tools to check the consistency and hence the quality of phase unwrapping.
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